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Ultraviolet (UV) light represents one of the factors 
that lDight playa role in the initiation and prolDotion 
of lDalignant transforulation of hUlDan lDelanocytes. 
To deterlDine the short-terlD effects ofUV irradiation 
on lDelanocytic nevi itt vivo, we investigated one half 
of sYlDlDetric melanocytic nevi after a single UV 
exposure with double the patient's minimal erythelDa 
dose. This half was compared with the nonirradiated, 
shielded half of the same nevus. The different parts 
were exalDined histologically for differences and im-
lDunohistochemically for the presence of HMB-45 
antigen and proliferating cell nuclear antigen. The 
features were assessed quantitatively by image ana-
lysis. One week after the single UV irradiation, we 
I t is well established that ultraviolet (UV. ) lig ht influe n ces the prolife rative and m etaboJjc activity of human epidermal m e lanocytes [1-3]. After repeated exposure ofhull1an skin to UV light, an increased numbe r of dihydroxyphenylala-nine-positive m elanocytes has bee n observed compared 
with nonirradiated skin [1] . After repeated UV irradiation , in-
creased incorporation of 3H-methyl-thymidine into epide rmal 
melanocytes has been found, indi cating enhanced proliferative 
activity of the m e lanocytes [2] . This increase in m elanocytes has 
been observed not only in UV-exposed, but also in UV-protected 
skin [4] . UV irradiation also may alter the morphology of mehmo-
cytes, producing increased m e lanin conte nt, enhanced dendric ity, 
and prominent pcrikaryons both ;/1 1/;1/0 and ;/' I/;(/,o [3 ,5]. A n 
investigation of the dependency of morphologic difFere n ces in 
melanocytic nevi on the season when the nevi were excised revealed 
that those excised in Slmuner more often showed a junctional com-
pone nt, nutotic figures, and an inflammatory infiltra te [6,7]. Further, 
UV irradiation has been shown to produce changes which in part 
resemble melanoma ;/1 s;l,t'f. 
In tlus study, we exanuned the lustologic and imn1lillolustochenucal 
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observed a significant increase of supra basally lo-
cated melanocytes and a markedly enhanced expres-
sion of HMB-45, whereas proliferative activity of the 
cells was unchanged. In nevi that were excised 2 or 3 
weeks after irradiation, no significant differences 
were observed between the irradiated and the nonir-
radiated part. The results indicate that a single UV 
irradiation may induce transient melanocytic activa-
tion with morphologic and histologic changes. Al-
though these data do not formally assess resemblance 
to melanoma, these changes may be similar to those 
of melanoIna ill sitll. KeJ' 1V00'ds: IIeJlltslimage a.ualJ'sisl 
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changes after a single UV irracliation. T he difl:'erences between tile 
irradiate d part (JPMN) and tho:: nonilTacliated part of tile sanle mela-
nocytic n evus (NIPMN) were deternuned by inlage 'lJ1alysis. 
MATER1ALS AND METHODS 
Patients and Irradiation Paticnts with melanocytic nevi larger than 
5 mm wcrC selected; 14 patients (eight male. six female) with a mean age of 
32.8 years (range 13-56 years) entered the study. In three patients. t""o nevi 
were investigated. All nevi were locatcd on the trunk. The nevi displayed 
no signs of 111alignancy either clinically or by surf.,ce microscopy. T he 
patients had given their informcd consent, and the study was approved by 
the local ethics committee. 
In'adiation was performed with a high-pressure mercury lamp ("blue-
point." Dr. Honlc, Germany) with an emission ranging from 295 to 400 nm. 
In the UVB range, the intensity of thc lamp was 3.5 mj / cm 2 • and in the 
UVA range, 24 Il1j /cm 2 (Centra. 051';]111, Gcrmany) . Thc n1.inimal erythema 
dose (MED) was determined on the b"ck of each patient and ranged 
between 13 and 33 mj / cm 2 UVB (4-10 seconds irradiation time). One half 
of the nevus was irradiated with 2 MED , and the othcr half was shieldcd 
with a blac k tapc. The nevi were excised 1 wcck (n = 12) oJ' 2 or 3 weeks 
(n = 5) after the single irntdiation. During excision, the line of demarcation 
between IPMN and NIPMN was marked with sutures. 
Tissue Specimens T he tissue was fixed in 5% bufFered formahn, divided 
into the IPMN and the NIPMN , and embedded in paraffin. Paraffin sections 
fi'om both parts of the nevus were cut from the ccntcr toward cl,e margin to 
be sure that the investigated area was known to be irradiated or protected. 
Sections werc stained with hemato:\:ylin and eosin (H & E) or processed for 
i 111 111 Ul1o)li stoch clllistry. 
Histology and ltulDunohistochelDistry T he histologic diagnosis was 
made from H & E-stained sections of the NIPMN . All lesions wcre 
melanocytic Ile ,·i of j unctional or compound type. Sections w ere incuhated 
with antibodies against HMB-45 (DARO. Hambl1l'g, Germany), a marker 
of activated Inelanocytes (8), diluted 1 :50 in phosphate-bu ffered saline, and 
wicll antibodies against proliferating cell nuclcar antigen (PCNA) (DAKO). 
diluted 1 :80 in phosphate-buffered saline. Before incubation with anti-
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HMB-45, the sections were enzymatically predigested with pronase E 0.1 % 
(Merck, Darmstadt, Gemlany). Subsequently, the alkaline phosphatase 
anti-alkaline phosphatase technique [9] was performed. The same time for 
the color development waS used for both [PMN and NIPMN of the same 
nevus. 
Image Analysis Image analysis was performed using a 25 X objective of 
an Axiomat microscope (Zeiss, Oberkochen, Germany) and a black-and-
whjte Vimcon camera (Bosch, Hamburg, Germany) connected to an lBAS 
image analysis system (Zeiss-Kontron, Munchen, Germany). To determine 
the position of melanocytes and nevus cell s within the epidennis, we used 
the image of an H & E-stained sLidc after contrast enhancement. The 
demloepidermal junction was drawn and the nuclei of morphologically 
discenuble melanocytes and nevus cells were marked. Single epidermal and 
nevocytic melanocytes witlun the epidermis were analyzed. Larger nests of 
nevus cells were excluded because in large aggregations, the nevus cells may 
be located some distance from the dennoepidennal junction but do not 
represent suprabasally located cells. Cells with clear cytoplasm and irregu-
larly shaped or kldney-sh aped nuclei suspected to represent Langerhans cells 
were excluded. Subsequently, the epidermis was mathematically split into 
slices equidistant from the demloepidermaljunction (Fig 1). T he distance of 
each melanocyte from the dennoepidennal junction was determined by the 
location of its ep idermal slice, and w e mean distance of melanocytes or 
nevus cell s from the junction was calculated. 
The extent ofHMB-45 labeling was dete rmined by sampling images with 
a lO X objective at two dilferent wavelengths (550 and 610 nm). After 
subtraction, stained areas were automatically mscriminated, and the per-
centage of labeled area compared with the total epidermal arca (Fig 2) was 
ca lculated. The nuclear arca of melanocytes was determined by tracing thc 
contour of a color TV imagc of the nucleus of at least 20 cell s on a digitizer 
board using a SO X objective. The number of PCNA-positive keratinocytes 
was detennined by counting with a lO X objective and expressed as the 
number of positive cell s per field. 
Statistics For each specimen, the mean of aU measurements was calcu-
lated and for each group, the mean value and standard deviation were 
detemlined. Values of irradiated and non.irradiated parts were compared by 
a Wilcoxon matched-pajrs signed-ranks test . 
RESULTS 
Increased Suprabasal Localization ofMelanocytes After UV 
Irradiation One week after a single irradiation with 2 MED, a 
sign.ificantly higher number of suprabasal epidermal and! or nevo-
cyric melanocytes was found in the IPMN compared with the 
NIPMN (Fig 3a,b). The mean (± SD) distance of the nuclei of 
lesional cell s from th e dermoepidermal junction was 16.43 ± 7.2 
Figure 1. Image of skin partitioned into sections. T he epidcrmis was 
mathematically partitioned. and the sections were used to dctennine the 
mcan distancc of the melanocytes or nevus cells fi·om the dermoepidermal 
junction . 
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Figure 2. The area labeled with antibody against HMB-45 in the 
irradiated part of a nevus assessed by hnage analysis. Two images 
obtained with di/l:crcnt w,)velengths (550 and 610 nm) were used to 
discriminate the bright-red reaction product by subtraction . 
fLm (range 6.5-30.5 fLm) in the IPMN, corresponding to the 
increased number of suprabasal melanocytes in histology, and 
7.86 ± 2.92 fLm (range 4.38-13.89 fLm) in the NIPMN (Fig 4). 
T he melanocytic cells located in the upper layers of the epidermis 
were almost always single, with a variable dendricity suggestive of 
epidermal melanocytes. Nested nevocytic melanocytes were ob-
served rarely in the upper epidermis. According to the Wilcoxon 
matched-pairs signed-ranks test, the difference was significant (p = 
0.0037). No statistically significant differences were observed in the 
mean distance of melanocytes or nevus cells from the dermoepi-
dermal junction in the IPMN and the NIPMN in lesions excised 2 
or 3 weeks after irradiation. In these lesions, the mean distance was 
8 .26 ± 3.5 fLJ11 (range 4.42-14.13 fLm) in the IPMN, compared 
with 7.90 ± 2.02 fLm (range 4.24-10.17 fLm) in the NIPMN 
(Fig 4). . 
The Expression of HMB-45 Staining Is Enhanced After UV 
Irradiation The UV-exposed part of the nevi showed a mark-
edly increased immunoreactivity with antibodies against HMB-45, 
a marker of melanocytic activation. Whereas in the NIPMN, only 
single or grouped (epidermal) melanocytes w ere labeled, after 
irradiation nevocytic melanocytes in the epidermis and even in the 
superficial derm.is were also stained. The mean labeled area (in 
percentage of the total epidermal area) was 23.4 ± 15.3% (range 
3.4-45.6'Y,,) in the IPMN 1 week after irradiation; but in the 
NIPMN, only 9.2 ± 10.6% (range 0-30.1%) of the total epidermal 
area was labeled (Fig 5). T he difFerences in HMB-45 expression in 
the TPMN and the NTPMN were statistically significant by the 
Wilcoxon matched-pairs signed-ranks test (p = 0.0023). Only 
slightly enhanced staining was observed in tlle IPMN of nevi 
excised 2 or 3 weeks after irradiation: 22.6 ± 17.9% of the total 
epidermal area was labeled in the IPMN , whereas 17.1 ± 15.1% 
was labeled in the NIPMN. T hi s difference was statistically not 
sign ifi cant (p = 0.22). The immunohistochemical sections demon-
strated an in creased number of HMB-45-laheled melanocytes or 
·nevus cells above the junction, corresponding to the increased 
number of melanocytes above the dermoepidermal junction in 
H & E sections after irradiation. 
The Nuclei of Melanocytes Are Enlarged After UV Irradi-
ation The mean !luclear area of lesiona l melanocytes was 
40.67 ± 7.03 fLm 2 (range 27-53 fLm 2 ) in the IPMN 1 week after 
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Figure 3. Morphologic changes arc induced inluelanocytic uevi by 
a single UV irradiation. n) Half of the nev us was covered before a single 
irradiation with 2 MED . Single or grouped melanocytes or nevus cells are 
located mainly in the basa.! layer of the epidermis. h) One week ;.Jfter 
irradiation. An increased number of melanocytes or nevus cells is present in 
the uppe r layers of the epidermis. Bnr, 100 J.L1ll. 
irradiation and 33.33 :!: 4.70 J.L1112 (range 27-44 /L1112) in the 
NIPMN. The difFeren ces were statistically significant (p = 0.0018). 
No significant differences were found in nevi excised 2 or 3 weeks 
after irradiation: the m ean nuclear area was 35.25 :!: 3.27 /L1112 
(range 31-40 /L111 2) in the IPMN and 32.00 :!: 1.58 /L111 2 (range 
30-34 /L111 2) in the NIPMN. 
A Single UV Irradiation Does Not Result in an Increase of 
the Proliferative Activity of Melanocytes In both the lPMN 
and the NIPMN, only very few nuclei of junctional and/or dermal 
m elanocytes were labe led with the antibody against PCNA, indi-
cating an increased proliferative activity. Because of the low total 
number of labe led epidermal l11elanocytes or nevus cells (zero to 
two positive cells per lesion) , a comparative statistical evaluation 
was not possible. 
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Fignre 4. The distance of melanocytes from the dermoepidermal 
junction is increased after 1 week but not after 2 or 3 weeks. The 
sum of the mean distances (y axis) ofmelanocytes fi'om the denlloepidemlal 
junction in nevi excised 1 week after the single irradiation (n = 12) is 
significantly increased in the irradiated part of the nevus (16.43 :+: 7.2 J.Lm) 
(p = 0.0037). In nevi excised 2 or 3 weeks after irradiation (n = 5), no 
significant differences were found between the irradiated (8 .26 :+: 3.5 J.Lm) 
and nonirradi<1tcd parts (nonirradiated: n = 12 + 5 = 17; 7.87 :+: 2.7 J.Lm) 
(mean :+: SD) . 
The ProliCerative Activity of Keratinocytes Is Increased 
After UV Irradiation T he epidermal keratlllocytes showed a 
significantly increased immunoreactivity for PCNA in the IPMN 
compared with the NIPMN (p = 0.002). In the center of the 
IpMN, 8.33 :!: 3.7 labeled keratinocytes were counted, in compar-
ison with 4.92 :!: 2.6 cells in the NIPMN (p = 0.01). Similar results 
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Figure 5. Increased HMB-45 expression 1 week after 2 MED irra-
diation. Area of the epidcrmis labeled with antibodies against HMB-45 
()' axis) as a perccntage of the total epidemlal area in the nonirradiated and 
the irradiated part of the sam e nevus (n = 11 ) (p = 0.0023). lmage analysis 
was performed as iJl 1Ii/nterinis nlld Methods. 
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were obtained in the margins of the nevi , with 10 .25 ::!:: 3 .9 labe led 
keratinocytes in the IPMN and 5.5 ::!:: 2.8 cell s in the NIPMN (p = 
0.006) . 
DISCUSS IO N 
A single episode of irradiation with UV li ght induced impressive 
morphologic changes in m elanocytic nev i, which in a few lesions 
were diffi cult to distin guish from m elanoma ;11 s;tll beca use of 
increased suprabasalmelanocytes, enl arged cytoplasm and nucle i of 
individual m elanocytes, and a slight inflammatory infi ltrate. 
Whereas the morphologic alte rations of mclanocytes in len-
tigines after lon g-term psora len plus UV A therapy are well known 
II 0,11], only very limited data exist about the short-term effects of 
VV irradiation on me lanocytic nevi ill IlillO. Pawlowski et nl (1 21 
investigated the effects of UV irradiation on the ultrastru cture of 
pigmented nevi and lentigines in two donors . The autho rs observed 
a pronounced dermal infiltrate but described no specific morpho-
logic changes of the melanocytes in nevi irradia ted with a sin gle 
dose of 3 MED and excised after 3 d. No intralesional comparison 
between irradiated and nonirradi;lted ' areas of the nevi was per-
form ed . 
T he most impo rtant morphologic alteration observed in the 
H & E sections of o ur in vestigated lesions was the increased number 
of suprabasal melanocytes or nev us cell s after irradiation. Although 
it is not always possible to di fFe rentiate epidenllal from nevocytic 
melanocytcs by light microscopy alone, the suprabasally located 
cells most likely represented epideml almelanocytes because almost 
all cells were single and variably dendriti c. Th is finding suggests 
that epidemnl melanocytes may be mo re likely to respond to UV 
light by upward migration th an arc nevocytic melanocytes . How-
ever, it is also possible that irradiated nevocytes may change the ir 
shape and more closely resembl e dendriti c epidermal melanocytes. 
T he distance of the melanocytes in IPMN and NIPMN f.·om the 
dermoepidermal junction difFered signifi cantly by ima ge anal ys is. 
These UV -induced changes are of special interest beca use the 
presen ce of an increased number of m elanocytes above the dermo-
epidermal junction is an important criterion for the diagnosis of 
I"nelanoma ;11 silll (1 3]. We compared the values of the mean 
d istance of mclanocytes or nevus cells frol11 the dertnoepide rlllal 
junction in IPMN and NIPMN with that of three examples of 
superfic ial spreading melanomas. Surprisingly, the va lues dete r-
mined in the melanomas exceeded those of the IPMN only 
modestly (18.1 ::!:: 8.1). However, this comparison sh ould be 
interpreted with ca ution beca usc paramcters of thc epidermal 
archi tecture, e.g., acanthosis, may grea tly influence these values. 
T his problem is largely overcome in the in tra les ional comparisons 
of our study, provided that only symmetric Icsions arc in vestigated. 
When the nevi were excised 2 or 3 weeks afte r irradiation, therc 
was no signifi cant difFeren ce in the intraepidermal loca lization of 
melanocytes and nevus cell s between IPMN and NIPMN, indicat-
ing that these changes are reversible. 
Antibody to HMB-45 was o riginally introduced as a marker 
specific for melanoma (1 4]. Further studies sho wed that it identifi es 
an oncofetal glycoconju gate located in immaturc melanosomes [15] 
and that it represents a marker of melanocytic activation [8]. The 
larger area ofHMB-45 sta ining in the IPMN was due not on ly to an 
incrcased number of labeled epidermal and nevocyti c m elanocytes 
but also to the larger size and the enhanced dendricity of thc cells. 
T h e slight, but not significant difFercnces in lesions exciscd later 
than 1 week after ifTad iation suggest that mclanocytic activation 
after UV exposure is reversible . 
Cellular activatio n after irradiation is also refl ected in the en-
largement of both the cytoplasm and the size of thc nucl ei in 
UV-exposed nevi as determined by image ana lys is. Cytoplasmic 
and nuclear enlargement is a well-known phenomenon in m ela110-
cytes after UV irradi ation P,5], but these changes m ay be ex-
tremely d iA:icul t to in te rpret in thc histopathologic difFerential 
diagnosis of melanocytic lesions. 
We observed no significant enhan cement of the proliferative 
activity of Iesiona l mclanocytic cells, as measured by PC NA-
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labeling, after UV irradiation. It has been demonstrated that UV 
irradiation may increase th e tota l number of epidermalmelanocytes 
in both mouse and human skin [2,4,12] . In our sections, howe vcr, 
th e labeling rate of thc melanocytes was very low in both parts of 
the nevi. It is possible that 2 MED was not sufficicnt to produce an 
immunohistochemically dc tectable in crease in proliferative activity. 
In addition, increased m elani1l pigment in nevi may be 1'hotopro-
tective . K era tinocytes, in contrast, showed an increased expression 
of PCNA even after a sin gle irradiation . 
A causa l role of sunlight in m elanoma ha s becn suggcsted . 
However, the relation appears to be far more complex than in 
epithelial tumors, beta use intermittent UV exposure seems to be 
more associated with melanoma than chronic UV exposure (1 6], 
suggestin g that UV-induced immunosuppression may be involved 
(17]. Mclanomas often arisc in preexisting m elanocytic nevi, alid 
the inc idence of melanoma corre lates with the total numbel' of 
m elanocytic nevi [1 8]. UV-induced histologic changes in benign 
nevocytic lesions m ay resembl e those in melanoma . T hese acute 
UV-induced alterations may represent ch anges important in UV-
induced transformation that have become persistent in malignant 
lesions . Further studies may clarify whether keratinocyte-derived 
factors, dircct damage of m elanocytes by UV , or both produce the 
morphologic and histologic changes in UV-irradiated nevi . 
T he fact that UV- irradiated m elanocytic nevi m ay histologica ll y 
and immunohistochemicaJIy display at least som e features of mel-
anoma must be considered in th e dermatopathologic examination 
of pigmented lesions after Slln exposure in order not to overdiag-
nose m elanomas . 
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